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Objectives: To examine the relationship between mandatory naptimes in childcare and 
children’s nighttime sleep duration, both concurrently and 12 months later once in school. 
Methods: A sample of 168 children (50-72 months; 55% males) attending licensed childcare 
centres were observed across their morning and throughout their scheduled naptime. 
Mandatory naptime was determined as the period in which children were not permitted any 
alternative activity except lying on their bed. Teachers reported each child’s napping in 
childcare. Nighttime and total sleep duration was reported by parents at two time points, in 
childcare and in the second semester of their first school year. General linear models were 
used to examine group differences in sleep duration between children experiencing 0-60 
minutes and >60 minutes of mandatory naptime, adjusting for key confounders. Path analysis 
was conducted to test a mediation model in which mandatory naptime is associated with 
nighttime sleep duration through increased napping in childcare. 
Results: Children who experienced >60 minutes of mandatory naptime in childcare had 
significantly less nighttime sleep than those with 0-60 minutes of mandatory naptime. This 
difference persisted at 12-month follow-up, once children were in school. Napping in 
childcare mediated the relationship between mandatory naptime and duration of nighttime 
sleep. 
Conclusions: Exposure to mandatory naptimes of >60 minutes in childcare is associated with 
decreased duration of nighttime sleep that endures beyond childcare attendance. Given the 
large number of children who attend childcare, sleep practices within these settings present an 
important focus for child health. 
 




Insufficient nighttime sleep in young children significantly increases the risk of 
adverse health and developmental outcomes, most notably increased behavioural difficulties,1 
poorer cognitive functioning,2 increased injury,3 and increased paediatric obesity.4 Napping 
has been proposed as a potentially modifiable component of children’s sleep, and one that 
may ameliorate the effects of reduced nighttime sleep.5,6 Studies of the effects of napping in 
early childhood do not consistently report positive effects,7-9 however, and raise questions 
about the value of napping promotion.10 Restricting the napping of children who would 
normally nap has been shown to have adverse effects on their emotional regulation11 and 
cognitive performance.12,13 In contrast, Lam et al. in a study conducted in childcare settings 
where naptime is a part of the daily routine, report napping to be associated with poorer 
cognitive functioning.8 A key feature distinguishing these conflicting findings is the age and 
biological sleep drive of the children studied. While napping restriction studies have sampled 
younger children (<3 years) because they habitually nap,11-13 Lam et al. focused on 
preschoolers (3-5 years) who were required to nap when many no longer have the biological 
drive to do so.8 The conflicting findings direct attention to the changing developmental value 
of napping as children transition from infancy through to the preschool years. 
Among preschoolers, napping is consistently associated with shorter duration of 
nighttime sleep6,14-18 and likely reflects normative developmental changes in sleep drive.19 
Normative studies indicate that by age 3 approximately half of all children will have ceased 
regular napping, with the proportion napping dropping to less than a quarter by age 4.20-22 
Despite the normative pattern of consolidation of sleep into the night period, a common 
practice in childcare programs internationally is the scheduling of a mandatory naptime 
throughout the childcare years, during which time all children are required to lie on their bed 
and are not permitted to engage in alternative activity.17,23 The impact of such environmental 
exposures are likely meaningful. Environmental, and not biogenetic factors, account for 
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almost 80% of the variance in napping duration by age 4-years.5,7,24 Such environmental 
influence has already been demonstrated in the association between parent’s attitudes toward 
napping, and the duration of napping in preschool aged children.6 Whether such effects are 
also seen in the context of childcare, where napping is actively promoted, has not been 
determined.  
Across developed nations more than two-thirds (77%) of children aged 3-5 years 
attend childcare programs,25 yet there remains little understanding of the impacts of 
attendance on children’s sleep patterns. Current evidence derives from two Japanese studies 
that compared two forms of childcare provision, one in which napping is optional and the 
other in which a mandatory naptime of 1.5 hours is legislated.15,16 Both studies report 
exposure to legislated mandatory naptimes to be associated with reduced nighttime sleep 
duration and increased sleep problems; an effect found at the time of attendance16 and up to 4 
years later, when the children had entered school and exposure to childcare had ceased.15 
While these studies suggest that mandatory naptimes may disrupt nighttime sleep, their 
design was limited to simple comparison between program types. They did not include direct 
observation of naptime practices and could not exclude other childcare, child or family 
characteristics that may have explained this finding. In the current study we address these 
limitations. On the basis of the prior citations we hypothesise that children in childcare 
settings with longer mandatory naptimes would have reduced duration of nighttime sleep, and 
that this difference would continue, at 12 month follow-up, once children had entered school. 
Further, we hypothesised that how regularly a child napped in childcare would mediate the 







Study Design and Participants 
Data were collected as part of the Effective Early Education Experiences (E4Kids) 
study. The E4Kids study includes children across a representative sample of early childhood 
program provision in Australia.23 Observations of sleep practices were conducted in 130 
centre-based childcare rooms located within both long day care (n=75) and kindergarten 
(n=55) programs. Long day care in Australia is equivalent to Childcare in the USA, while 
kindergarten is equivalent to preschool in the USA. The rooms were located in Brisbane 
(metropolitan; n=121 rooms) and Mt Isa (rural; n=9 rooms), Queensland, Australia. 
Observations were conducted during 2011. At this time, a total of 239 of the E4Kids cohort 
were attending childcare programs. The analyses presented are based on data collected from 
direct observations within childcare rooms, teacher report of the child’s napping at childcare 
and parent report of their child’s sleep at two time point; concurrent with the observational 
data whilst in childcare (T1) and at 12-month follow-up when the same children had entered 
school (T2). Of the initial 239 children for which observation and teacher report data was 
collected, 70 (29%) did not have parent report data available at T1, and were subsequently 
excluded from analyses. As the primary interest was preschool aged children, one child 
outside the preschool age range (>6 years) at T1 was excluded. The final sample included 168 
children at T1, with 130 of these children available for follow-up at T2. 
Measures 
Mandatory naptime. Mandatory naptime in each child’s childcare setting was 
measured at T1 by trained researchers via direct observation. Researchers used a standard 
protocol to record the time in which different activities were permitted during designated 
sleep periods.26 Duration of mandatory naptime was defined as the length of time (minutes) 
within a childcare room in which all children were required to lie on beds, without any 
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alternate activity permitted (e.g. drawing or reading). Inter-rater reliability was determined 
via independent observation by two researchers across eight study rooms and was deemed 
excellent (ICC=.996). Although Australian legislation requires that all childcare services 
provide for each child’s individual sleep and rest needs, 27 there are currently no specific 
guidelines regarding how children’s sleep needs should be met. Consequently, decisions 
regarding the duration and mandating of naptimes for preschool children are made at 
organisational level and, in response to complex organisational and staffing constraints, are 
almost universally scheduled as a routine group activity once per day.26,28 
Napping at childcare. How regularly each child napped at childcare was reported at 
T1 by teachers via a single-item “Does this child usually sleep during sleep/rest time?” with a 
5-point Likert scale (0=never, 1=rarely, 2=sometimes, 3=mostly, 4=always). Teacher reports 
of how regularly children napped were examined against direct observation of napping 
duration in childcare settings on a single day (r= 0.6, p<.001) using a modified version of the 
nap observation protocol described by Ward et al.18 This method of sleep observation codes 
child behaviours at 10-minute intervals into one of five categories (asleep, potentially asleep, 
awake, away from bed, disruptive/distressed). Duration was derived by summing the number 
of continuous counts during the naptime in which an individual child was coded as asleep. 
Details of the nap observation schedule used in this study has been previously published.26 
This observation method has good reliability against ambulatory assessment of sleep/wake 
patterns using actigraphy.18,29 Although both teacher report and a single day direct 
observation of napping were available, in the current study teacher report was used as the key 
measure of napping for analyses to capture generalised patterns of napping in childcare.  
Nighttime and total sleep duration. Parent report of each child’s nighttime and total 
sleep duration was obtained at T1 and T2 via the following items: 1) “on a typical night, 
when does the study child go to bed?”; 2) “on a typical morning, when does the study child 
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wake up?”; 3) “does the study child ever nap (sleep during the day)?”, (4) “in a typical week, 
on how many does the study child usually nap?” and (5) “on days when the study child naps, 
how long do they usually nap for?”. Bed-times and wake-times were indicated in 30 minute 
increments. The difference between typical bed-time and wake-time was used to calculate 
nighttime sleep duration. Typical duration of napping was calculated as per the method used 
by Miller et al.,30 whereby the reported nap duration is multiplied by the number of days a 
child napped and divided by 7. Parents source of information for these reports were based on 
direct observation in the home environment and daily reporting in childcare records. Where 
parents identified children as not napping, a score of 0 was applied. Total sleep duration was 
calculated by summing a child’s parent reported typical napping duration and nighttime 
sleep. 
Child and family characteristics. Child gender, age and temperament, parental 
education, and total family income were collected at T1 and were reported by the primary 
care-giver via structured survey. Child temperament was measured using the Short 
Temperament Scale for Children (STSC).31 In the current study, scores across 12 items 
encompassing three domains (sociability, persistence and inflexibility) of the STSC were 
averaged to provide a single Easy-Difficult Temperament Score, in which higher scores 
reflect a more easy temperament style (scale 0-5; Cronbach's α = .76). Parental education was 
derived in response to two items (1) “what is the highest level of education you have 
completed” and (2) “what is the highest level of education your partner has completed?” 
Reponses were scored on an 8 point-scale (0=no schooling or did not complete primary 
school; 1=primary school or equivalent; 2=year 10 or equivalent; 3=year 12 or equivalent; 
4=tertiary certificate or equivalent; 5=diploma or equivalent; 6=university bachelor degree or 
equivalent; 7=postgraduate university degree). The average across both items was 
subsequently used to calculate a mean parental education score. Total family income was 
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reported in response to the following item “Before tax is taken out what was your family’s 
total income for last year?” Total family income was indicated on a 13-point scale from 
0=$0-24,999 thru to 12=$300,000+ (AUD). 
Childcare characteristics. Each childcare environment was measured at T1 and 
included measures of childcare quality, child’s days of attendance, and program type. 
Childcare quality was measured using a standard observation measure; The Classroom 
Assessment Scoring System (CLASS Pre-K).32 CLASS codes the quality of teacher-child 
interactions via multiple intensive observations of emotional, organisational and instructional 
quality with score ranging from 1 (low) through 7 (high). In the current study, the average 
total score for the CLASS Pre-K was used. Days of attendance in centre-based childcare was 
reported by parents and measured via two items (1) “In 2011, on how many days in a typical 
week did the study child attend a child-care centre” and (2) “In, 2011, on how many days in a 
typical week did the study child attend a stand-alone kindergarten”. Program type (long day 
care or kindergarten) was derived from licensing details collected from childcare centre 
directors. Long Day Care is equivalent to ‘child care’ centers in the USA and are run by both 
commercial and community based not-for profit organisations. These programs cater for 
children from birth to school entry (age 5-6 years) with children attending on a full or part-
time basis. Children within these programs are typically separated into rooms based on age 
range, with “Preschool” room (the target rooms in the E4Kids study) catering for children 
from 3- to 5-years. Kindergartens are akin to USA ‘preschool’ programs and are typically 
state funded, though programs are also run through long day care and private schools. These 
programs are provided by a qualified teacher and are targeted to children in the years prior to 
school (3-5 years). In Queensland, the minimum standard for kindergarten programs is 15 
hours per week, although these programs can be run up to full-time. All Long Day Care and 
Kindergarten programs in Australia are subject to a National Quality Standards and external 
9 
 
evaluation by Australian Children’s Education and Care Quality Authority.33 A recent 
comparison of observed quality of Australian Long Day Care and Kindergarten programs 
with equivalent program types in the UK and USA, indicate they are of similar quality.23 
Procedures 
Full ethical approval was received from the Human Research Ethics Committee of the 
author’s affiliated institution. Informed consent was received from parents and childcare 
staff. For each childcare program a trained researcher conducted standard observations on a 
single day in the second semester of the education year (Aug-Nov). Data regarding napping 
were collected on the same day. In line with the standard procedures for the CLASS Pre-K,32 
observations of classroom activities were conducted in 15-20 minute blocks with 10 minutes 
of coding time. A minimum of 4 and a maximum of 6 observations were conducted in each 
room. Full reliability procedures have been previously published.23 Observations of naptime 
began once the first child was on their bed and ceased once the last child was up off their bed. 
Statistical Analysis 
Data were analysed using SPSS Version 2134 and AMOS 2135 software. Missing data 
(<5% of study values; Little’s MCAR test, p>.05) were estimated and replaced using the 
expectation-maximisation (EM) method. Parametric and non-parametric analyses 
(independent samples t, Mann-Whitney U and Chi-squared tests) were conducted to examine 
group differences in child, family, childcare and napping characteristics across mandatory 
naptime groups; and between children with and without parent report data at T1 and T2. 
Primary analyses focused on group differences in night and total sleep duration whilst in 
childcare and, 12-months later, once children were in school in relation to mandatory 
naptimes at childcare. To support clinical interpretation of the data mandatory naptime was 
divided into two groups based on central distribution; 0-60 minutes and >60 minutes. 
Analyses of variance tests were conducted using general linear models to examine differences 
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in nighttime and total sleep duration at T1 and T2 across mandatory naptime groups. 
Analyses were conducted both unadjusted and adjusted for potential confounding variables of 
age, gender, child temperament, family income, parental education, days/week in childcare, 
childcare quality and program type. In all cases significance and direction of findings 
remained for both adjusted and unadjusted models and as such adjusted models are presented 
throughout. Follow-up analyses were conducted to examine if napping in childcare mediates 
the relationship between mandatory naptime and duration of nighttime sleep. In these 
analyses mandatory naptime was treated as a continuous variable. Path analysis was 
conducted using AMOS to examine a mediation model in which mandatory naptime is 
related to duration of nighttime sleep, through napping in childcare. Baron and Kenny’s36 
four step approach was used to assess the presence of a mediation pathway. The significance 
of the indirect effect was determined using bootstrapping techniques with effects generated 
after resampling from the observed cases 2000 times; bias corrected 95% confidence intervals 
(CI) are reported in text.  
RESULTS 
Missing Data Analysis 
No significant differences in age, gender, mandatory naptime duration, napping in 
childcare and childcare quality were found between children with and without parent report 
data at T1. More children attending kindergarten programs participated in the study at both 
T1 (p=.02) and T2 (p=.002). Additionally, children remaining in the sample at T2 had 
experienced significantly less mandatory naptime at T1 (p=.005). No other significant 
differences between children with and without T2 data were found. 
Sample Characteristics 
Characteristics of the study samples are shown in Table 1. At T1 the average age of 
the children in the study was 58.89 months (SD=3.88) with a range of 50-72 months, 55% 
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males. All children were attending licensed long day care (57%) or kindergarten (43%) 
programs, with an average attendance rate of three days per week (M=3.19, SD=0.97). 
Mandatory naptimes experienced by the children within their childcare setting ranged from 0 
to 145 minutes (M=56.24, SD=39.96, median=54 minutes). As seen in the table, children in 
the >60 minutes of mandatory sleep time group were more likely to be attending long day 
care programs and lower quality programs than those exposed to <60 minutes of mandatory 
naptime. At T2 approximately 97% of the study children were attending school. The children 
(n=5) who remained in childcare in T2 were excluded from analyses at this time point. 
Mandatory Naptime and Napping 
At T1, children exposed to >60 minutes of mandatory naptime napped more often in 
childcare (U=4972.5, p<.001, r=.37) and had longer parent reported napping duration 
(U=4973.5, p<.001, r=.39) than children exposed to 0-60 minutes of mandatory naptime 
(Table 1). Only a small number of children continued to nap at T2 (N=19; 15%), with all 
children napping 2 days per week or less. Whilst no significant difference in presence of 
napping across groups at T2 was observed, children exposed to >60 minutes of mandatory 
naptime continued to have significantly longer typical napping duration once in school, 
U=2114.5, p=.03, r=.44. 
Mandatory Naptime and Duration of Nighttime Sleep in Childcare (T1) 
Group differences in nighttime sleep and total sleep duration are shown in Figure 1. 
Results showed that children exposed to >60 minutes of mandatory naptime had, on average, 
24 minutes less nighttime sleep whilst in childcare than children exposed to 0-60 minutes of 
mandatory naptime, F(1,158) = 12.482, p<.001, ηp2=.073. There was no significant difference 
in total sleep duration between groups at T1 (p>.05).  
Mandatory Naptime and Duration of Nighttime Sleep in School (T2) 
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At T2, at 12-month follow-up during the second semester of their first year of school, 
children who had previously been exposed to >60 minutes of mandatory naptime whilst in 
childcare continued to have, on average, 24 minutes less nighttime sleep than children 
exposed to 0-60 minute of mandatory naptime, F(1,115) = 8.244, p=.005, ηp2=.067 (Figure 
1). Additionally, once in school, children exposed to >60 minutes of mandatory naptime in 
childcare were also found to have, on average, 21 minutes less total sleep than children 
exposed to 0-60 minutes of mandatory naptime, F(1,115) = 6.349, p=.01, ηp2=.052. To 
examine if these differences were explained by increased napping within the >60 minutes 
group, analyses were also conducted excluding all children (n=19) who were reported as still 
napping at this time. Results showed that amongst children who had ceased napping there 
remained a significant difference in the duration of nighttime sleep across groups, F(1,96) 
=10.165, p=.002, ηp2=.096, with children in the >60 minute group reporting significantly less 
nighttime sleep (Mean difference=28 minutes). 
Napping as a Mediator between Mandatory Naptime and Nighttime Sleep  
Figure 2 depicts the relationship between mandatory naptime, napping in childcare 
and children’s nighttime sleep at Time 1. As seen in the figure, the standard criteria for 
mediation were met; (1) mandatory naptime was significantly associated with duration of 
nighttime sleep (95% CI:-.31, -.001), (2) mandatory naptime was significantly associated 
with napping in childcare (95% CI: .08, .44), (3) napping in childcare was significantly 
associated with duration of nighttime sleep (95% CI: -.45, -.15) and (4) mandatory naptime 
was no longer significantly associated with duration of nighttime sleep once adjusted for 
napping in childcare (95% CI: -.23, .11). The indirect effect between mandatory naptime and 






This study is the first to examine the relationship between observed duration of 
mandatory naptime in childcare and children’s nighttime sleep. Preschool children who were 
exposed to >60 minutes of mandatory naptime within their childcare setting had shorter 
nighttime sleep duration than those exposed to 0-60 minutes of mandatory naptime. This 
difference was evident both at the time of childcare attendance and 12-months later, once 
children had entered school. In addition we found evidence of a mediation process in which 
increased napping explained the relationship between longer duration of mandatory naptime 
and decreased duration of night-time sleep after controlling for child, family and childcare 
characteristics. The most parsimonious explanation for these findings is that promotion of 
napping, through the allocation of extended mandatory naptimes, changes the 24hour 
distribution of children’s sleep patterns. Our finding of increased napping amongst preschool 
aged children in childcare and an associated reduction in nighttime sleep is consistent with 
this explanation. The findings are consistent with prior studies that have shown a relationship 
between childcare sleep legislation and children’s nighttime sleep15,16,37 but provide, through 
direct observation, evidence of an association with sleep practice. 
Explanatory mechanisms connecting mandatory naptimes and nighttime sleep relate 
to both social context and biological processes. While the social context provides the 
opportunity for sleep, the biological processes of circadian patterning and homeostatic sleep 
drive determines sleep occurrence. We found that increased duration of mandatory naptime 
was associated with an increased regularity of napping within childcare. That is, increased 
social opportunity to sleep in the daytime was associated with an increased likelihood of 
napping. The apparent cost, however, was an associated reduction in night sleep, likely 
resulting from reduced biological drive to sleep (homeostatic drive). Our findings are 
consistent with other studies showing that napping does not serve to increase total sleep 
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duration but rather to redistribute sleep.10 Further, the finding is consistent with evidence 
regarding the environmental entrainment of children’s napping patterns.5,6 Behavioural 
genetic studies suggest that across the first 5 years of life there is an increasing influence of 
environmental factors on children’s napping patterns5,7 such that by the fourth year of life 
these are the dominant influence.5 While parenting provides one social context that may 
influence napping patterns,6 our study directs attention to that of non-parental care settings, a 
common social context experienced by increasing number of children. 25  
Biological responses to social environmental change in sleep opportunity may not be 
immediate. We found that once children had entered school, and mandatory napping had 
ceased, those who had experienced extended periods of mandatory naptime while in childcare 
continued to have shorter duration of nighttime sleep compared with children exposed to 
shorter mandatory naptimes. Commensurately, these children had a 21-minute reduction in 
total sleep duration. This reduction was likely accounted for by the loss of daytime sleep at 
entry of school. Once in school, children who had been exposed to >60 minutes of naptime 
had a total sleep duration that fell below the recommended average for children aged 3-5 
years set out by the National Sleep Foundation (11-13 hours). Cairns et al.38 report similar 
findings in their study of children’s sleep patterns across the transition to school. These 
findings, and our own, suggest that the abrupt reduction of sleep opportunity is not 
immediately compensated by an increase nighttime sleep. This may be particularly the case 
for children who were previously exposed to long daytime naps. Social constraints such as 
family dictated bed- and wake times may also limit opportunity for compensation. Our 
findings raise important questions regarding the most appropriate timing and approach for 
transitioning away from naptimes in young children. 
The clinical implications of this study are placed in perspective by the substantial 
body of evidence showing a positive association between health outcomes and duration of 
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young children’s nightime sleep.1-4 While our study did not measure health outcomes, the 
findings raise important research questions about the immediate and on-going implications of 
extended mandatory naptimes for children’s health. For example, although prior studies have 
not consistently identified an association between napping and obesity,10 there is evidence 
that an average of 30 minutes reduction in night sleep distinguishes children who are and are 
not classified as obese.39 Future studies are needed to examine the implications of sleep 
practices in childcare for children’s health and development.  
Our study has a number of strengths including the use of detailed observations of 
sleep practices in childcare settings, multiple data sources (observation, parent and teacher) 
and measurement of nighttime sleep data beyond the time of attendance at childcare. There 
are however a number of limitations that should be considered in interpreting the results. First 
our findings relate specifically to children aged 3-6 years and cannot be generalised outside 
this age range. Daytime sleep may serve different developmental functions relative to the age 
and child’s location in the transition from polyphasic to monophasic sleep.10 Studies of 
younger children and those that account for longitudinal changes in sleep patterns would 
provide greater understanding of the relationship between childcare sleep practices and 
children’s sleep patterns. Second while we have controlled for a comprehensive range of 
potentially confounding variables, causality cannot be inferred. While it is unlikely that 
individual children’s sleep patterns dictated duration of mandatory naptimes in the childcare 
setting it is possible that family circumstance and factors determining choice of centre 
provide an underlying explanation. This being the case we cannot disentangle the direction of 
association between daytime napping and nighttime sleep in this study. Prior studies of the 
association of day and night sleep suggest napping disrupts night sleep rather than being a 
response.16,17,37 The use of objective measurement of naptime and sequential analyses of 
naptime and nighttime sleep duration across a number of days in future studies of napping in 
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childcare would provide a stronger indication of directionality. Finally, the measurement of 
children’s sleep duration in the current study was reported by parents in 30-minute units. For 
this reason the accuracy of estimates of duration of night-time and total sleep should be 
interpreted with caution. 
In conclusion, this study for the first time shows a relationship between observed 
naptime practices in childcare settings and children’s nighttime sleep. Our findings draw 
attention to the importance of the social context in which children’s sleep occurs and raises 
critical questions regarding the impact of variation in childcare sleep practices on children’s 
immediate and ongoing sleep patterns. Given the number of young children who attend 
childcare and the relationship of nighttime sleep with multiple health outcomes, childcare 


















1. Paavonen EJ, Porkka-Heiskanen T, Lahikainen AR. Sleep quality, duration and 
behavioral symptoms among 5–6-year-old children. Eur Child Adolesc Psychiatry. 
2009;18(12):747-754. 
2. Touchette É, Petit D, Séguin JR, et al. Associations between sleep duration patterns 
and behavioral/cognitive functioning at school entry. Sleep. 2007;1(30):1213-1219. 
3. Valent F, Brusaferro S, Barbone F. A case-crossover study of sleep and childhood 
injury. Pediatrics. 2001;107(2):e23. 
4. Bell JF, Zimmerman FJ. Shortened nighttime sleep duration in early life and 
subsequent childhood obesity. Arch Pediatr Adolesc Med. 2010;164(11):840-845. 
5. Touchette É, Dionne G, Forget-Dubois N, et al. Genetic and environmental influences 
on daytime and nighttime sleep duration in early childhood. Pediatrics. 2013. 
6. Jones CHD, Ball HL. Napping in English preschool children and the association with 
parents’ attitudes. Sleep Med. 2013;14(4):352-358. 
7. Dionne G, Touchette É, Forget-Dubois N, et al. Associations between sleep-wake 
consolidation and language development in early childhood: a longitudinal twin 
study. Sleep. 2011;34(8):987-995. 
8. Lam JC, Mahone EM, Mason T, et al. The effects of napping on cognitive function in 
preschoolers. J Dev Behav Pediatr. 2011;32(2):90-97. 
9. Spruyt K, Aitken RJ, So K, et al. Relationship between sleep/wake patterns, 
temperament and overall development in term infants over the first year of life. Early 
Hum Dev. 2008;84(5):289-296. 
10. Thorpe K, Staton S, Sawyer E, et al. Napping, development and health from 0-5 
years: A systematic review. Arch Dis Child. 2015; 0:1-8. 
18 
 
11. Berger RH, Miller AL, Seifer R, et al. Acute sleep restriction effects on emotion 
responses in 30- to 36-month-old children. J Sleep Res. 2012;21(3):235-246. 
12. Lukowski AF, Milojevich HM. Sleeping like a baby: Examining relations between 
habitual infant sleep, recall memory, and generalization across cues at 10 months. 
Infant Behav Dev. 2013;36(3):369-376. 
13. Gómez RL, Bootzin RR, Nadel L. Naps promote abstraction in language-learning 
infants. Psychol Sci. 2006;17(8):670-674. 
14. Acebo C, Saden A, Seifer R, et al. Sleep/wake patterns derived from activity 
monitoring and maternal report for healthy 1- to 5-year-old children. Sleep. 
2005;28(12):1568-1577. 
15. Fukuda K, Asaoka S. Delayed bedtime of nursery school children, caused by the 
obligatory nap, lasts during the elementary school period. Sleep Biol Rhythms. 
2004;2(2):129-134. 
16. Fukuda K, Sakashita Y. Sleeping pattern of kindergartners and nursery school 
children: function of daytime nap. Percept Mot Skills. 2002;94(1):219-228. 
17. Komada Y, Asaoka S, Abe T, et al. Relationship between napping pattern and 
nocturnal sleep among Japanese nursery school children. Sleep Med. 2012;13(1):107-
110. 
18. Ward TM, Gay C, Anders TF, et al. Sleep and napping patterns in 3-to-5-year old 
children attending full-day childcare centers. J Pediatr Psychol. 2008;33(6):666-672. 
19. Jenni OG, LeBourgeois MK. Understanding sleep-wake behavior and sleep disorders 
in children: The value of a model. Curr Opin Psychiatry. 2006;19(3):282-287. 
20. Blair PS, Humphreys JS, Gringras P, et al. Childhood sleep duration and associated 
demographic characteristics in an English cohort. Sleep. 2012;35(3):353-360. 
19 
 
21. Iglowstein I, Jenni OG, Molinari L, et al. Sleep duration from infancy to adolescence: 
reference values and generational trends. Pediatrics. 2003;111(2):302-307. 
22. Weissbluth M. Naps in children: 6 months-7 years. Sleep. 1995;18(2):82-87. 
23. Tayler C, Ishimine K, Cloney D, et al. The quality of early childhood education and 
care services in Australia. AJEC. 2013;38(2):13–21. 
24. Fisher A, van Jaarsveld CHM, Llewellyn CH, et al. Genetic and environmental 
influences on infant sleep. Pediatrics. 2012. 
25. The Organisation for Economic Co-operation and Development. OECD Family 
Database. PF3.2: Enrolment in childcare and pre-schools 2014; 
www.oecd.org/social/family/database. Accessed July 20, 2014. 
26. Pattinson CL, Staton SL, Smith SS, et al. Emotional Climate and Behavioral 
Management during Sleep Time in Early Childhood Education Settings. 
2014;29(4):660-668. 
27. Australian Children’s Education & Care Quality Authority. Guide to the National 
Quality Standard. Vol 2014. Canberra: C. Commons, Ed.; 2013. 
28. Inglis J, Staton S, Pattinson C, et al. Napping in preschoolers: Staff beliefs and 
experiences in early childhood centres. 2013;11(Supplement 2):14. 
29. Staton S, Smith S, Pattinson C, et al. Group differences in salivary cortisol patterns in 
relation to sleep practices in childcare. Sleep Biol Rhythms. 2013;11(Supplement 
2):16. 
30. Miller AL, Kaciroti N, LeBourgeois MK, et al. Sleep Timing Moderates the 
Concurrent Sleep Duration–Body Mass Index Association in Low-Income Preschool-
Age Children. Acad Pediatr.;14(2):207-213. 
20 
 
31. Prior M, Sanson A, Smart D, et al. Pathways from infancy to adolescence: Australian 
Temperament Project 1983-2000. Melbourne: Australian Institute of Family Studies; 
2000. 
32. Pianta RC, La Paro KM, Hamre BK. Classroom Assessment Scoring System (CLASS) 
Manual, Pre-k. Baltimore, Md: Brookes Publishing Company; 2008. 
33. ACECQA. Guide to the National Quality Standard. 2013; 
http://files.acecqa.gov.au/files/National-Quality-Framework-Resources-Kit/NQF03-
Guide-to-NQS-130902.pdf. Accessed 14 January 2014. 
34. IBM SPSS Statistics for Windows, Version 21.0. [computer program]. Armonk, NY: 
IBM Corp.; 2012. 
35. Amos (Version 7.0) [computer program]. Chicago: SPSS; 2006. 
36. Baron RM, Kenny DA. The moderator–mediator variable distinction in social 
psychological research: Conceptual, strategic, and statistical considerations. J Pers 
Soc Psychol. 1986;51:1173-1182. 
37. Ikeda M, Kaneita Y, Kondo S, et al. Epidemiological study of sleep habits among 
four-and-a-half-year-old children in Japan. Sleep Med. 2012;13(7):787-794. 
38. Cairns A, Harsh J. Changes in Sleep Duration, Timing, and Quality as Children 
Transition to Kindergarten. 2013:1-10. 
39. Hiscock H, Scalzo K, Canterford L, et al. Sleep duration and body mass index in 0–7-


















 0-60 Minutes 
Mandatory Naptime 
(n = 91) 
>60 Min  
Mandatory Naptime 
(n = 77) 
p 
Child, Family and Childcare Characteristics      
Age, months 58.89 + 3.88  59.80 + 3.31 57.81 + 4.23* .001b 
Gender (female) 78 (46%)  44 (48%) 34 (44%) .59c 
Easy-difficult temperament, score 3.14  + 0.70  3.25  + 0.63 3.01 + 0.75* .03b 
Family total income 5.06 + 3.00  5.45 + 3.20 4.60 + 2.69 .10d 
Parental education level 5.20  + 1.27  5.44 + 1.21 4.90 + 1.30* .004d 
Childcare attendance, days/wk. 3.20  + 0.95  3.10  + 0.87 3.34 + 1.03 .07d 
Childcare quality, score 4.50  + 0.56  4.75 + 0.57 4.20 + 0.40* >.001b 
Program type (kindergarten) 69 (41%)  63 (69%) 6 (8%)* >.001c 
Daytime Napping      
T1 napping at childcare, freq. 1.62 + 1.31  1.17 + 1.10 2.16 + 1.35* >.001d 
T1 typical napping duration, min*days/7 0.25 + 0.38  0.12 + 0.23 0.40 + 0.45* >.001d 
T2 napping (yes)a 19 (15%)  10 (14%) 9 (17%) .58c 
T2 typical napping duration, min*days/7a 0.03 + 0.09  0.01 + 0.04 0.05 + 0.13* .03d 
Values shown are mean + SD or n (%).*Significant at p<.05.  







Figure 1. Mean nighttime and total sleep duration at T1 and T2 by mandatory naptime group. 
Error bars show 95% Confidence Intervals (CI). Models adjusted for age, gender, 
temperament, family income, parental education, days/week in childcare, childcare quality 












Figure 2. Napping in childcare mediates the relationship between mandatory naptime and 
nighttime sleep duration. Model adjusted for age, gender, temperament, family income, 
parental education, days/week childcare, childcare quality and program type. Values are 
standardised regression weights [β(SE)]. aUnadjusted; bAdjusted for mandatory naptime; 
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